Nickel-dependent reconstitution of hydrogenase apoprotein in Bradyrhizobium japonicum Hupc mutants and direct evidence for a nickel metabolism locus involved in nickel incorporation into the enzyme.
A double mutant (JH103K10) was created from hydrogenase constitutive mutant (JH103) by replacement of a chromosomal 0.60 kb nickel metabolism related locus with a kanamycin resistance gene. The double mutant required 10 to 20 times more nickel (Ni) to achieve near parental strain levels of hydrogenase activity. In the absence of nickel, both JH103K10 and JH103 synthesized high levels of (inactive) hydrogenase apoprotein (large subunit, 65 kDa). With nickel, the double mutant JH103K10 synthesized the same level of hydrogenase apoenzyme (65-kDa subunit) as the JH103 parent strain; however, whole cell hydrogenase activity in JH103K10 was less than half of that in JH103, and the CPM (due to 63Ni in hydrogenase) of membranes and the calculated ratio of nickel per unit of hydrogenase enzyme of the double mutant were 40% of that in JH103. Therefore, the difference in hydrogenase activities between the double mutant and the Hupc strain can be accounted for by different abilities of the strains to incorporate nickel into the hydrogenase apoenzyme. The addition of nickel ions to previously Ni-starved and then chloramphenicol-treated Bradyrhizobium japonicum whole cells (JH103 and JH103K10) resulted in (an in vivo) restoration of hydrogenase activity, suggesting that the apoprotein synthesized in the Ni-free cultures could be activated by addition of nickel even in the absence of protein synthesis. The extent of reconstitution of active hydrogenase by nickel was greater in the absence of chloramphenicol. Hydrogenase apoprotein could not be activated by nickel in vitro even with the addition of ATP. The successful in vivo but not in vitro results suggest that enzymatic but cell-disruption labile factors are required for Ni incorporation into hydrogenase.